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Abstract 
ABSTRACT 
 
Sustainable energy in buildings refers to efforts to reduce or eliminate the need to burn fossil fuels for 
space heating and cooling.  In the USA buildings use one-third of our total energy, two thirds of electrical 
energy and one eighth of water.  U. S. Green Building Council (USGBC), that promotes sustainability in 
how buildings are designed, built, and operated has designed or introduced a Leadership in Energy and 
Environmental Design (LEED) green building rating system.*(1)  It has been helping professionals across 
the country to improve the quality of buildings and their impact on the environment.  More and more 
building professionals, owners and operators are seeing the benefit of green buildings and LEED 
certification.   Green design reduces the operating costs, enhances building and organizational 
marketability, and increases occupant productivity. 
 
In existing buildings, energy sustainability can be accomplished through increased efficient energy use, in 
conjunction with decreased energy consumption and/or reduced consumption of conventional energy 
sources.  In these buildings, fossil fuels are burned on-site as primary energy and off-site to generate 
electricity for secondary energy. 
 
Heating is most often needed in an occupied space in the seasonal cold climate regions of the world.  
Higher energy consumption and costs involved with meeting this need motivates us to find ways to 
improve the efficiency of the existing processes.  Convective heating is the most popular type of heating 
which heats the space by blowing air to transfer heat across the heating coil.  As most of the 
manufacturing facilities are built to have higher ceilings to accommodate all the equipment, the 
convective space heating process is energy inefficient for the needed ambient temperature.  Also, as it is 
air that is heated up during the convective heating process and it tends to leak across the shell of the 
building losing the energy, especially in the manufacturing plants, most of which are housed in very old 
buildings.  In addition, using the convective heating tends to heat up whole air to maintain the given space 
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at certain needed temperatures.  Also most of the convective heaters are capable of achieving a maximum 
of 85% efficiency.  The actual efficiencies might be a bit lower than that. 
 
The students and the staff of the Bradley University Industrial Assessment Center (BU IAC) have 
assessed about 425 manufacturing plants in the states of Illinois, Indiana, and Missouri since 1993.  A 
majority of these plants were housed in very old buildings with envelopes in very poor repair.  Many 
buildings were found to have no insulation and with several openings.  This was resulting in high space 
heating costs and thermal discomfort for the occupants. 
 
The purpose of the work reported in this paper was to explore the feasibility of radiant space heating as a 
sustainable energy for space heating in manufacturing plants.  Several case studies based upon the work 
done by the staff and students of the BU IAC are presented in this paper.  BU IAC is a U. S. Department 
of Energy (DOE) sponsored program with the objective of implementing energy efficiency and cost 
savings for small and medium sized manufacturing plants while educating tomorrow’s energy engineers.  
Currently there are 24 such centers in the country and Bradley University has one of them since 1993.  
Success stories of the DOE’s IAC program are discussed in the paper. 
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INTRODUCTION 
 
The need for energy efficiency captured attention of all sectors (buildings, industrial, transportation, and 
commercial) in the 1970s when energy supplies dwindled and prices increased.  Interest in energy 
efficiency continued during the 1980s primarily due to environmental concerns and secondarily because 
of economic issues.  Projected depletion rates of non-replenishable fossil fuels demand that we continue 
to direct our talents and efforts toward development of new sources of energy and reduction of energy use 
(2).  Of the energy consumed in buildings in the U. S., approximately 30% is attributable to the operation 
of buildings.  Estimated reductions in energy consumption in new buildings range from 10% to 60%.  
Estimates indicate that modifications to existing buildings can achieve similar reduction(3). 
 
Some common sense strategies (low hanging fruits) have been successfully implemented in the 
residential, commercial, and institutional buildings.  In the case of industrial buildings, some progress has 
been made in improving the energy efficiency of the manufacturing processes.  However, the buildings 
housing these manufacturing processes are in general old, in poor repair, un-insulated, and need attention 
for energy efficiency.  Replacing this existing industrial buildings stock is not feasible economically.  
Since most of these buildings are high bay buildings, they are good candidates for using radiant infrared 
heating to cut heating costs, enhance occupant thermal comfort and their productivity without having to 
renovate the old envelopes.  The current paper describes some work done to do exactly that. 
 
 
BACKGROUND 
 
Radiant or infrared heating is not new.  Infrared heating has been an important factor in the life of man 
since the very beginning because the enormous amount of heat the earth receives from the sun is 
transmitted to the earth by infrared energy, along with visible light.  The fact that we cannot see infrared 
complicates our understanding of it.  Infrared is a small portion of the electromagnetic spectrum located 
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between visible light and the top end of the radar and microwave portion of the electromagnetic spectrum.  
The major difference between visible light energy and infrared energy is the source temperature and the 
fact that the human eye cannot see low temperature infrared energy. 
 
It has been determined that infrared energy with wavelengths from 2.4 microns to 20 microns is more 
readily absorbed by common construction materials.  An object heated to 1700 degrees F generates 
infrared in the 0.75 to 20 micron range and peaks at 2.41 microns.  Infrared energy with wavelengths less 
than 0.8 microns is actually visible light.   Heating an object to a higher temperature will generate more 
infrared, but in the process, it also generates a greater percentage of visible light that contributes very 
little toward occupants’ thermal comfort. 
 
Human thermal comfort has been defined as that state of mind, which expresses satisfaction with the 
thermal environment(4). It depends upon four physical variables namely: dry bulb temperature, wet bulb 
temperature, air velocity, radiation, and two non-physical variables namely:  activity level and clo value.  
On the average, an occupant sheds about 400 BTUS per hour through convection, radiation, evaporation, 
and conduction from the human body. 
 
Heat loss by conduction is negligible and evaporation stays relatively constant over a wide range of 
conditions.  Therefore, body heat loss can be controlled by varying convection and radiation transfer.  It is 
only the net heat loss that counts, and when this is under control, comfort exists. 
 
Convective heat loss can be controlled by varying the velocity and/or temperature of the surrounding air.  
In well-insulated tightly constructed, low ceiling buildings, this is not difficult.  The velocity of air can be 
low and stratification is of very little consequence.  High ceilings and/or uncontrolled air changes 
complicate the situation.  Stratification becomes a factor, creating a need for  more and more air to be 
heated hotter and hotter resulting in inefficient space heating. 
 
Infrared helps control body heat loss by surrounding it with warm surfaces.  Air is a poor absorber; 
therefore, it absorbs very little energy from the emitter source.  The energy (heat), therefore, is not 
dispersed into the upper regions of a building and stratification is less.  The energy warms objects and 
floor below.  The objects and floor in turn radiate heat.  The air (at floor level) is warmed (by convection) 
from the objects and floor, providing a comfortable “occupied zone.”  Comfort can be maintained with 
lower air temperatures that will reduce infiltration and heat loss through the walls and roof. 
 
Simply stated:  Infrared heats people, floors, walls, and other surfaces directly without heating the air first.  
The result is an instant warming effect, similar to the effect felt when the sun emerges from the clouds on 
a chilly day.  When infrared heating is used in an enclosed building, objects in the space absorb the 
emitted infrared energy.  Once absorbed, the energy is transferred as heat, which in turn warms the 
surrounding air.  With convection space heating, the air must first be heated and then circulated in order 
to warm objects and people in the space, which results in inefficient space heating.  The infrared heating 
on the other hand has the advantages of being more energy efficient, reduced stratification, better zone 
control, convenient operation, rust and corrosion (5) control, increased worker efficiency, and efficient 
space use. 
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INDUSTRIAL ASSESSMENT CENTERS PROGRAM 
 
INDUSTRIAL ASSESSMENT CENTERS (IACs) is a U.S. Department of Energy (DOE) sponsored 
program(5).  Currently there are 24 sub centers located at the various universities in the country.  Under 
this program teams of students with 3-5 students each under the guidance of a faculty do 1-2 days energy 
efficiency, waste minimization, and productivity enhancement assessments of small and medium sized 
manufacturing plants.  One such center has been at Bradley University since 1993.  A summary of the 
savings identified and implemented through the work of Bradley University 
Industrial Assessment Center (BU IAC) is shown in Table 1. 
 
During this work by the BU IAC, it was found that most of the manufacturing plants were poorly 
insulated, loosely constructed and had high heating bills.  Added to this many older manufacturing 
buildings had numerous additions over the years, resulting in many interior rooms and interconnected 
buildings.  One such plant was assessed by the BU IAC in Bartonville, Illinois. 
 
CASE HISTORY A 
 
BU IAC did a 2-day assessment of Manufacturing Plant A in October 2012.  They were manufacturing 
steel wire and agricultural fencing for the past more than 100 years. Assessment pointed out some issues 
that contributed to systems inefficiencies and made recommendations to solve them. 
 
The plant employed about 400 employees to manufacture about 120,000 tons of steel wire and 
agricultural fencing annually.  They operated for about 6240 hours per year.  The facility had about three-
dozen of isolated, interconnected and run down buildings providing about 871,000 ft2 of work area.  The 
buildings were poorly insulated, poorly constructed, in very poor repair, but high bay buildings.  There 
were several big size openings in the shells of the buildings resulting in large amount of infiltered cold air 
632   D. Paul Mehta and Martin Wiesehan /  Procedia Computer Science  19 ( 2013 )  628 – 635 
 
in winter causing thermal discomfort for the workers and impacting their productivity.  Heating was done 
by using steam, which was generated by a boiler located in the foundry building located about half a mile 
away from the wire mill.  There were several uninsulated lengths of the steam distribution and condensate 
return pipes of the system.  Most of the steam traps were leaking.  Table-2 shows data on their natural gas 
bills for one year. 
Table 2 
 
 
 
Recommended Action 
 
It was recommended to replace the existing 211 steam space unit heaters in the production areas with 
medium intensity radiant heaters (6-8).  It was stressed that the use of infrared space heaters in these areas 
will result in natural gas energy savings due to their high efficiency.  Table-3 shows the details of 
recommended infrared heaters. 
Table 3 
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Anticipated Savings 
 
The annual gas energy savings, ESg, which may be realized by implementing the above recommendation, 
can be estimated as follows: 
 
ESg   =   CHL x {1-[(CCE x CSE)/(PCExPSE)]} 
where 
 
Heating energy usage = Total gas usage-[Avg gas usage for May through Sep] x 12 
            = 548,726.6 – [193,132,6/5] x 12 
            = 85,208.36 MMBtu/yr 
 
CHL = current annual heating load, 85,208.36 MMBtu/yr 
CSE = current heating system efficiency, 60% 
CCE = current combustion efficiency, 47% 
PCE = proposed combustion efficiency, 80% 
PSE = proposed heating system efficiency, 90% 
 
 
Thus, 
 
ESg = 85,208.36 x {1-[0.7 x 0.47)/(0.80 x 0.90)]} 
                 = 85,208.26 x 0.543 
                = 46,268.13 MMBtu/yr 
 
Thus gas cost savings CSg, are calculated as follows: 
 
CSg = ESg x (effective gas cost during winter season) 
                 =  46,268.13 MMBtu/yr x (3.272/MMBtu) 
               = $151,389/yr. 
 
Estimated Capital Implementation Cost = $105,700 
Estimated Labor Implementation Cost = $29,100 
Estimated Total Implementation Cost $134,800 
Simple Payback Period = 1 year. 
 
CASE HISTORY – B 
 
Similarly, the students and staff of BU IAC did an assessment of a low carbon steel balls manufacturer in 
Sterling, Illinois in 2011.   
 
This  
 
This manufacturing plant had conventional convective forced air space heating.  It was recommended to 
install IR space haters and lower the set point of the forced air convective heating system. 
 
Anticipated Savings for Manufacturer B 
 
ESg   =   CHL x {1-[(CCE x CSE)/(PCExPSE)]} 
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where 
 
CHL = current annual heating load, 9,750 MMBtu/yr 
 CCE = current combustion efficiency, 80% 
CSE = current heating system efficiency, 70% 
PCE = proposed combustion efficiency, 90% 
PSE = proposed heating system efficiency, 85% 
 
Thus, 
 
ESg =  9,750 x {1-[0.8 x 0.70)/(0.90 x 0.85)]} 
ESg =  9,750 x {0.268} 
ESg =  2,613.0 MMBtu/yr 
 
The gas cost savings CSg, are calculated as follows: 
 
CSg = ESg x (effective gas cost during winter season) 
CSg =  2,613.0 MMBtu/yr x ($4.62/MMBtu) 
CSg =   $12,072/yr. 
 
Implementation Cost 
 
It was estimated that 12 radiant unit heaters with a rating of 6,000 watts (0.02 MMBtu/hr) will be required 
in the production area. 
 
The purchase and installation of these heaters will cost approximately $12,600.  This is based on an 
equipment cost of $950 per unit, and an installation cost of $100 per unit.  Thus, the total cost savings of 
$12,072 will pay for the implementation cost of $12,600 in about 1.04 years. 
 
Out of a total of about 425 manufacturing plants assessed by the BU IAC, approximately 50% were found 
to be good candidates for IR heating giving an average payback of 1.9 years.  Hence installing IR space 
heating in old manufacturing plants is a feasible energy efficient strategy. 
 
CONCLUSIONS 
 
It is seen that the Plant-A could save 462,68 MMBtu out of 85,208 MMBtu or improved the efficiency of 
space heating by 54% by using IR space heating instead of high pressure steam unit ventilators.  Plant-B 
could accomplish a savings of 2,613 MMBtu out of a 9,750 MMBtus or improved the efficiency of space 
heating by 27% by using an IR heating system instead of using a conventional forced air convective 
heating system.  The same trend was observed in all the 200 plus plants where IR space heating was 
recommended. 
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